own activity. This interaction may be connected the protection of the active substances against enzymatic degradation, transport modification across cell membranes, avoiding mechanisms determining bacteria multiresistance, etc. The same substances divided into fractions may lack the previously observed activity, and their synergistic activity may diminish when trying to isolate particular compounds [1] .
Individual compounds of essential oils may also present a strong antibacterial activity. It is assumed that this property depends on the dosage used [9] . The most popular compounds are, in this respect, among others: terpinene, cineole, carvacrol, thymol and cinnamaldehyde.
Numerous reviews concerning the interaction between oils, their components and antibiotics were presented by Langeveld et al. [12] . According to the authors, the synergistic effect of these substances may result from the fact that:
-antibiotics and compounds of essential oils have different target activity (tea tree oil and gentamicin),
-compounds of essential oils inhibit the mechanisms of resistance to antibiotics, -essential oils affect physicochemical and pharmacokinetic properties of the antibiotic, improving its solubility and bioavailability.
Despite their synergistic activity with antibiotics, compounds of essential oils can also be synergistic with antiseptics. Compounds belonging to the terpene group are commonly used as supplementary substances in preparations applied to the skin, this preparations increased the skin's permeability to substances appearing both as particles and ions [13] . By increasing the penetration of antiseptics through the skin, they reduce the risk of infections following surgeries. Additionally, it has been reported that the main component of the eucalyptus essential oil (1.8-cineol) and the essential oil itself increased the activity of a commonly used disinfectant, chlorhexidine digluconate, against planctonic and biofilm culture of S. aureus and C. albicans [14, 15] .
There are also studies which prove that antibacterial properties of essential oils could be used to modify dressings used in the treatment of chronic infections following surgeries, decubitus ulcers, vein and cancer ulcers. Budzyńska et al. [16] reported that saturating absorption dressings with lemon balm (Melissa officinalis), geranium (Pelargonium odorantissimum), clove (Syzygium aromaticum) or citronella (Cymbopogon nardus) essential oils in concentrations equivalent to the minimal inhibitory concentration (MIC) (< 0.1% v/v) present a biocidal effectiveness against germs that have been absorbed by the dressing.
Lipophilicity of essential oils and their compounds is important, because it decides upon the mechanism of action on germs. It enables the interaction with the cell membrane and mitochondrium lipids, which leads to disturbances in the structure of cells and influences membrane transport. The increased permeability of cell envelopes and the excessive loss of important particles and ions can then damage cells [12, 17] .
Essential oils may also influence other important processes that take place in cells. They inhibit the synthesis of DNA and RNA nucleic acids and the production of proteins, which, among others, regulate gene expression in cells [1, 9] . They limit or inhibit the activity of enzymes like lipase, coagulase [18] , amino-acid decarboxylase [19] , and enzymes that break down antibiotics. They reduce the virulence of germs by influencing factors connected with the cell wall or excretion. They also inhibit their synthesis [18, 20] . By deactivating the membrane efflux pumps, which remove antibiotics and bacteria communication factors outside the cell, they influence the biofilm, enabling its eradication, and they increase the penetration of antibiotics in the biomass. They also influence multidrug resistant strains, because they act multidirectionally and differently than antibiotics [21] [22] [23] .
Effective and safe antifungal compounds are being sought due to the increasing problem of fungal infections, including severe invasive infections, resistance of fungi to drugs, the toxicity and side effects of used antimycotics. The majority of reports on the activity of essential oils concern Candida strains. Minimal concentration of tea tree oil that inhibits the growth of yeast-like fungi does not exceed 0.125 µg/mL, while for 5'fluorocytosine and amfotericin B it is respectively ≥ 0.25 and ≥ 1 µg/mL [24] . Common myrrh (Commiphora myrrha), bergamot (Citrus bergamia), ylang ylang (Cananga odorata), lavender (Lavendula officinalis) and Geranium maculatum essential oils, in 0.125-4% concentrations, also show inhibitory effects [25] .
The activity of the majority of essential oils against human pathogenic fungi is considered to be moderate compared to synthetic medicines [26] . However, in the studies on the interaction of oils with antimycotics, the synergy between these compounds has been reported several times. This synergism was presented in the combination of Pelargonium graveolens essential oil with amphotericin B and nystatin against Candida albicans strains [27] , Thymus vulgaris essential oil with amphotericin B and myrtle (Myrtus communis) essential oil with amphotericin B against both Candida spp. and Aspergillus niger [28] . Basil (Ocimum sanctum) essential oil revealed synergism with fluconazole and ketokonazole against Candida spp.
sensitive and resistant to fluconazole. By combining the above preparations in therapy, we could reduce the dosage of drugs, and in this way, minimize their side effects. However, it is necessary to optimally choose the essential oil concentration, because when it is too low, it may even present an antagonistic effect [28] .
Anti-fungal properties were also checked on dermatophytes, which are the most resistant to essential oils among fungi. The best growth inhibitors of Trichophyton genus were lemon grass leaves (Cymbopogon citratus) and blue gum (Eucalyptus globulus) essential oils, for which inhibiting concentrations were respectively 0.125-0.25 and 0.125-1 mg/mL. In combination with ketoconazole, the best results were obtained for the P. graveolens essential oil, which contains geraniol and citronellol [29] .
The spread of viral diseases, the limited number of effective drugs and the appearance of resistance to viruses are all factors which prompt the search for new, biologically active, antiviral substances. At the same time, they should present a new mechanism of action. These criteria are met by essential oils, because their components, in contrast to therapeutic preparations used so far, are extracellularly active [7] .
Experiments aimed to assess the antiviral activity of essential oils have been most frequently conducted on viruses from the herpes group (herpes simplex virus type 1 and 2 (HSV-1 and HSV-2) [30] . As demonstrated in in vitro studies, this activity is mainly based on the interaction of essential oil components with the virus envelope. It is damaged or modified in places responsible for the adsorption and penetration of the virus into the cell of a host [7, 31] . Consequently, these oils act mostly on enveloped viruses appearing extracellularly or during the adsorption phase, but not inside the cell. Non-enveloped viruses present no or weak susceptibility to essential oils, which was proved, among others, in studies concerning the influence of the eucalyptus essential oil to adenoviruses [7, 32] .
Compounds of essential oils can also act synergistically with traditional antiviral medicines. It has been reported that eugenole, the main component of clove (Syzygium aromaticum) essential oil, in a concentration of 30-120 µg/mL, increases the effect of low doses of aciclovir [33] . This probably happens due to the different but complementary mode of action of these compounds, among which aciclovir inhibits the replication of virus inside cells and eugenol, acting extracellularly, impedes the penetration of the virus into the cell. It was also observed that some essential oils preserve their inhibitory activity towards viruses resistant to aciclovir. They include ginger (Zingiber officinale), thyme (Thymus vulgaris), herbaceous (Hyssopus officinalis), and santalum (Santalum album) essential oils. This may suggest that some of these compounds influence another stages of viral life cycle inside infected cells. This phenomenon is proved by tests conducted on herpesviruses with manuka (Leptospermum scoparium) and tree warmwood (Artemisia arborescens) essential oils [34] .
In human clinical trials, it has been reported that the tea tree essential oil is beneficial in the treatment of a recurrent herpes labialis. Applied in gel form, in a 6% concentration, it reduced the average time of the epidermis regeneration from 12.5 to 9 days [35] . This may justify the use of this oil, and other oils, e.g. lemon oil, as base compounds in aromatherapeutic mixtures recommended in cold sores caused by herpes viruses [25] .
Positive effects relating to the application of essential oils compounds on HSV-1 and HSV-2 viruses have been also demonstrated in in vivo animal studies. F. Benencia and Courrèges reported that eugenol delayed the development of keratitis in infected mice [33] .
An increasing number of studies regarding the activity of essential oils are also concerned with human parasites. Although most of them are based on in vitro studies, they give promising results and hope for new opportunities of treatment. For example, lavender essential oil (Lavandula angustifolia), in a ≤ 1% concentration, completely eliminates Trichomonas vaginalis [38] . Thymbra capitata and clove tree (Syzygium aromaticum) essential oils inhibit the adherence of trophozoites and they reveal biocidal effectiveness against Giadia lambilia [39] . Thyme essential oil (Thymus vulgaris) reduces the viability of Trypanosoma protoza, which causes African trypanosomiasis and Chagas' disease [39] . Satureja thymbra essential oil acts on larval forms and adult individuals of Plasmodium falciparum, which causes malaria [39] . There are also singular publications in which oils are described as the source of compounds influencing parasitic worms (trematodes, cestodes, nematodes). In one of them it has been reported that compounds of Mentha spp. essential oil present protoscolicidal effect against Echinococcus granulosus tapeworm [40] .
Essential oils can also be the source of substances to deplete mite. Rich in eugenole, clove oil (Syzygium aromaticum) is acaricidal to adult mites (Sarcoptes scabiei). These mites, both sensitive and resistant to permethrin, die in low concentration of clove oil within 15 min [41] . However, tea tree oil (Melaleuca alternifolia) was used in the treatment of blepharitis caused by human mites Demodex folliculorum. This treatment involved scrubbing eyelid margin with 10 and 50% oil solu-tion, which proved to be effective; it reduced disease symptoms and the number of mites [42] .
Essential oils are also used to control arthropod vectors of parasite diseases, which include ticks, mosquitos, bugs, flies, fleas, lice and other insects. Many essential oils act on different stages of insects' growth: eggs, larval forms, maggots, and adult individuals. Repellents containing eucalyptus (Eucaliptus spp.), nepeta (Nepeta cataria), turmeric (Curcuma longa) or common guava (Psidium guajava) essential oils provide full protection for many hours, while bay tree (Laurus nobilis) or coriander (Coriandrum sativum) essential oils act as efficient fumigants. Pohlit et al. have published the article containing much more additional information on this issue [43] .
To date, the use of essential oils in medical practice has been limited. This is due to the lack of therapeutic strategies, resulting from insufficient number of clinical examinations [17] . In the literature, there are only few pieces of in vivo data about the cytotoxicity of essential oils, and their mechanism of tissues penetration, and on the possibility to use different concentrations depending on the manner of application. Currently, low concentrations of essential oils or their compounds are rather additives to ointments, creams, balms, lotions, gels, drops, or other specifics applied externally in skin diseases, aromatherapy, and massages [3, 13] . Compounds of essential oils can be found also in toothpastes and mouthwashes in order to reduce the formation of bacterial plaque [44] . Essential oils may have a positive effect on health, if they are absorbed by the respiratory system mucous membrane, and that is why they tend to be used in inhalations during respiratory tract infections. Lemon oil, despite its antibacterial properties, additionally acts as expectorant, because it increases and thins the secretion by irritating the mucous membrane of bronchi [25] . Researchers, who used the preparation with tea tree essential oil of concentrated monoterpenes fraction (terpen-4-ol alpha consisted of 62-64%), have obtained promising results in 2 patients with original tuberculosis. The preparation was inhaled once a day for 10 days. Cultures, tested 4-5 days following the treatment, were negative, and there was a noted clinical improvement, including reduced body temperature, cleared up cough, better appetite and weight gain [45] .
Beneficial effects of tea tree essential oil were observed in the therapy supporting the treatment of bone marrow inflammation and chronic wounds infections, as well as in alternative treatment of AIDS patients suffering from oropharyngeal candidiasis [46] . The mixture of essential oils and antibiotics was used in patients with cancer ulcer infections [44] .
Toxicity and Resistance to Essential Oils
Essential oils are, however, not devoid of side effects, which may include contact allergies, dermatitis, stomatitis, and ototoxicity. In the case of systemic administration, essential oils may cause kidney irritation, changes in intestinal mucous membrane, or they may result in neuro-and hepatotoxicity [3, 47] . Side effects are connected with the dosage used, so essential oils are not recommended to be used in concentrations higher than 10% and to be overused by the systemic dose of 0.3 mg/kg/day [1, 47] . Cytotoxic activity and strong irritation properties can be also induced by light, so that is why it is advised to avoid sunlight for several hours after applying essential oils of high phototoxicity such as lemon essential oil [25] . The processes of oxidation may be partially responsible for the toxicity of essential oils, if they are stored inappropriately or too long. There are reports indicating that when overusing essential oils, some of their ingredients may indirectly stimulate the development of cancer. This has been demonstrated in animal studies on estragole, compound of Ocimum basilicum and Artemisia dracunculus essential oils, and D-limonene, compounds of essential oils from plants of Citrus genus origin [11] . On the other hand, essential oils and some of their compounds have antimutagenic and anti-cancer properties, which has been reported in numerous publications [11] . Side effects of essential oils do not exclude them as a source of medical substances. Their toxic effect may be limited by modifying the essential oils administration with the use of liposomes [48] .
Another significant problem, which should be taken into consideration when planning the use of essential oils in clinical practice is the possibility of developing resistance or reduced sensitivity of bacteria to particular essential oils and their components. Currently, in laboratory tests, essential oils are tested on the group of most pathogenic germs (S. aureus, E. coli, A. baumanii, etc). They are susceptible to low concentrations of these substances. However, it cannot be excluded that in our environment there are bacteria naturally resistant to active compounds of essential oils. If essential oils are commonly used as medical preparations, there is a risk that resistance to them will quickly develop and spread. Pseudomonas aeruginosa is an example of bacteria with increased tolerance to the tea tree essential oil compounds. Due to the efflux pump MexAB-OprM, these bacteria extrude from cells not only many antibiotics, but also other compounds of anti-microbial property, includ-ing active ingredients of the Melaleuca alternifolia essential oil such as terpinene-4-ol, α-terpineol or 1.8-cineol [49] .
Some authors claim that due to extensive properties of essential oils, the risk of developing resistance to them is low. McMahon et al. have reported that in bacteria exposed to subinhibitory concentrations of essential oils, the decrease of susceptibility to these oils develops easily [50] . The level of resistance is usually regarded as low, and this phenomenon is of reversible character and depends on the type of bacteria and the examined oil. There is also a risk that essential oils administered in therapy when combined with antibiotics may cause the induction of resistance to used drugs. Induction of this phenomenon has been reported in the case of tea tree essential oil [50] .
Conclusions
The number of articles on the biocidal effectiveness of essential oils is constantly increasing. These plant products are popular, because they may also have spasmolytic, anti-inflammatory and analgesic properties and they have a direct and beneficial influence on the central nervous system as well as the human mental state [45] . The process of obtaining essential oils is not expensive, so essential oils used as phytopharmaceuticals could reduce the costs of medical treatment. However, before this will be possible, it is necessary to develop quality standards of obtaining and using these plant products, so that they may provide safe and effective assistance in the fight against human pathogens.
